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AN EVALUATION OF THE 1968-1969 NEW YORK CITY
COMPUTER ASSISTED INSTRUCTION PROJECT
IN ELEMENTARY ARITIiLIETIC

By

Max Weiner, Samuel Malkin, Carl Helm and John Howell

Introduction

In September 1968 the New York City Board of Education initiat=d a project

RS PL TN

for a large-scale test~demonstration of a Computer Assisted Instruction (CAI)
program for drill and practice in elementary arithmetic., This program was a
modified version of an earlier arithmetic drill and practice program based on
work done at Stanford University by Dr. Patrick Suppes and his staff, which had
been field tested in various parits of the country. The New York 1968-'69
experiment represented the first demonstration of a CAI aritiumetic program of
this type in a great metropoliizn ceater. The present report will describe soma
outcomes of the experiment in the first yecr of a proposed three-year test period,

The "Hardware!

The New York City CAI Projuct consists of an RCA Spectra 70/45 computer ;
located at the project headquarters in Zanhattan, four line concentrators at
convenient locations in The Bronx, Manhattan, and Brooklyn, and 192 tcrminals

located in elementary schools in those boroughs.

The "Softwrare"

The CATI program for drill and practice in arithm2tic provides exercises suit-

able for use in grades two through six. It is dzsi

<

69

ned to complement and support

the instruction provided by the tecacher, and hence it is intended neither to present

1

grnized, varied,

-

ully or

I=n

concepls nor to provide euplanations. It simply offers a carc
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2
and ninutely gradeu set of exercises, the exact selection and sequence of which
is not figidly predetermined.

The CAI lessons are so devised that pupils generally can complete them in

from two to ten minutes per lesson, whether the purpose is testing, drill only,
or drill and review. The pupil receives his instructions and exercises and enters
his responses at a terminal, which is to him "the computer" because it displays

to him words and number (ombinations that are respousive to his own behavior.

Plaan of Evaluation

The purpose of the evaluation cf the 1968-69 New York City CAI Project was
to describe the outcomes of the experiuaent in terms of its effects upon pupils and

teachers. More particularly, its purpose was to seek to answer the following

questions:

1. What is the effect of the CAI drill and practice program on pupil
achievement in arithmetic at each grade level, from grades 2 through
grade 67

2, What is the effect of the CAI drill and practice program on pupil opinions
and attitudes toward CAI, toward arithmetic, and toward learning in general?
What is the effect of the CAI drill and practice program, and of the ad-
justments necessary for its use, on teaching procedures in elementary

arithmetic?

4, Wnat is the effect of the CAI drill and practice program on the opinions

and attitudes of teachers, school acéministriators, and parents?

In addition, information was scught on a number of subsidiary questions, which

will be detailed further at appropriate points in the present report.
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The plan of evaluation was not - and, under the circumstances, could not
have been - designed as a precise scientific experiment in which the variuble
under investigation was applied in a predetermined manner and all other contam-
inating influences rigorously ezcluded. With respect to the question about pupil
achievement in arithmetic, however, it was cast in the form of a quasi-experiment-
that is, pupils receiving arithmetic instruction under CAI and non-CAI conditions,
selected so as to be as comparable as possible beforehand, were compared on tests

taken at the beginning and end of the school year.

The Evaluation Team

The City University of New York, by agreemant with the New York City Board
of Education, supplied the evaluation team, comsisting of directors, consultaunts,
and staff assistants, 1In additioa, six profes >rs in mathematics education, mem-
bers of the faculties of the senior colleges of the City University, were employed
to observe pupils in the CAI and non-CAI schools under study as part of the evalua-
tion., They visited classrooms and CAi ce ers in the schocls and also interviewed

teachers, paraprofessionals, and school principals.

Selection cof Schools and Classes

Participation in the CAI experimant was accomplished by the staff of the

Board of Education prior to the employment of the Evaluation team. The idea was

first presented to district superintendents, Three expressed interest in applying

(0

the program in the schools under their jurisdicticn. Each district superintendent,
in his own fashion, then selected the schools that he judged most suitable, generallw
after consulting with the school principals under his supervision. Later, in order

to providc for comparison between CAL and non-CAL learaing situations in vhich all

Slele ol o
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other conditions would be as nearly alike as possible, the district superintendents
were asked to designate control schools on the basis of similarity to the CAU schools
in the ethnic and socio-cconomic composition of their pupil populations and the

judged equ

=

valence of their administrative and instructional starfs.

SixlLeen CAI schools and four non-CAI schools were designated. Arrangements
were then made for the collection of data by achisvement testing, observation, and
interviews or questionnaires, in each school.

Within schools the selection of classes to participate in the CAI experiment
was left entirely to the principals with the stipulation that intact class groups
from each grade level from two to six should be included. As a rule, principals
selected those teachers whom they judged capable of using the CAI program effect-
ively and who expressed a desire or willingness to pavticipate.

Physical Arrangement of CAL Terminals in Schools

On the average twelve CAI terminals per school were provided, the exact number
depending on the particular circumstances in each school. The most usuzl arrange-
ment for the use of the CAI equipment was to place all the terminals in a single
room and bring the pupils there in groups. Under this plan a schedule for the use
of the "CAI center" was worked out, and the paraprofessionals were assigred to es-
cort groups of pupils to and from their classrooms as well as to supervise the use
of the terminals at the center. 1In some schools, however, the CAI terminals were
located in separate classrooms--two schools had single terminals in each of twelve
and thirteen classrooms, respectively, and two others had two terminnals in each
of siyx cl-ssrooms and a single terminal in a seventh. Under these circumstances

individual children worked by turans at the terminal while the teacher aud the other

.

children were carrying on othe activities.

Special Trat
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Under the gencral plan of the New Uork City CaIl Troject, as developud by ti
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5
Board of Education, RCA provided for the initial training of participating teachers.
This consisted of a 10-hour course held in the spring of 1968, which was attended
by teachers from schools that would be using CAIL in 1968-69. Although the teachers'’
strike in the fall of 1968 resulted in scme attrition, nearly 85 per cent of the
original teachers were still in the program after the strike. Copies 0of the RCA

Teachers' Guide, which was gone over in detail during initial training, were given

each teacher for usz during the school year.

To assist the teachers in using CAI effectively, and especially to assist them
in coordinating the CAI drill and practice program with the regular arithmetic cur-
viculum, additional training and supervision were provided by the project director
and by the curriculum specialists on his staff. At first district-wide workshops
were organized, but after December it was decided that workshops should be conducted
in each school so that problems peculiar to individual schools could be considered
separately.

The paraprofessionals were given six hours of training in the spring and two
additional hours in the fall. Each paraprofessional received a manual covering
some of the im >rtant aspects of the job: care of the CAI center (or of terminals
in se, irate classrooms), maintaining discipline, changing paper and ribons on the
terminals, and a step-by-step procedure for detecting the sources of machanical

problems.

Instruments

Achievement Tests

The Metropolitan Achievement Test {(MAT) was chosen, after consultation with
the Bureau of Research, because it is used extensively by the KHuw York City Board
of Education in evaluating pupil achievement and hence would provide comparability
of measurecmcnt between the present study and other studies. The levels, gpecific

tests, and forms selected were as follows:
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Ge-de 2 vrimary II Battery (¥Form C). Test 5, Arithmetic
Part A: Concepts & Problem Solving. Test 3,
Arithmetic Part B: Computation.
Grades 3 and &4 Elementary Arithmatic Test (Form C). Test 1,
Arithmetic Computation. Test 2, Arithmetic
P~oblem Solvinz and Concepts.
Grades 5 and 6 Intermediate Arithmetic Test (Form CM)., Test 1,
Arithmetic Computation. Test 2, Arji_hmetic Problem
Solving and Concepts. (Form CM ca.t be scored
either by hand or by machine.)
The same test forms were used as pre- and post-tes*s, and for analysis the raw
scores were used. Thus no differences of scale affect the before-and after com-
parisons within a level and lo<s of precisica by conversicn of scale is avoided,
but summation across levels is impermissiole because the raw score scales of the
three levels of the test are different. The experiment is sufficiently large,

to permit all comparisons to be hels within school grades. The reader should keep

in mind, in looking at the results that each level of the test is more difficult

th..n the preceding one.

Observation Racord

-
=3

Observation was cons®dered 2ssential tc the evaluation despite its inherent
dif{iculties, which wer: intensified, as it turned out, by events affecting the
whole city and its scaool system, An observatiou record form had been developed
in advance, but thr. process of modifying it to mcke it acceptable to all persomns
concerned was in’.errupted by the teachers' strike. After substantial delay and
some necessary compromise, a revised version was developed and approved for use in

the schools jparticipating in the study.

Intervicw Sgh&dules (Questiornaires)

To provide adequately for the reporting of the cplnions and attitudes of the

mermbe s of each major «roup corncerncd with the New York City CAI prcicct, the
[ p o . bl

ach cvemeat test dara and observation rcccrds ..eeded to be supplemented by sore
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kind of direct expression from participants. Therefore papils, teachers, para-
professionals, school administrators and parents were asked to respond to questions
designed to elicit in a systematic way their perceptions of the CAI program and

its effects,




TEST RZSULTS

Before &1squss,ag any of the test resulis, it must be empn.sized

-

)

that the constraints iavolved in the collecticn of the test data do not

2] -l

permit our saying with any degree of surety that ony of the <ains found
were attributable to CAI alone. There werc many other variables which
might have influenced the results,

Whepr all of the students' scores werc examined, the mean riw score
gains between the January pre-test and June post-test wers hisher, in
all grades, for the CAI groups. This was true rejardless of whecrer the
data were grouped by total schools or by sex.

The differences in gain scores were siguificant for zvades 2, 3 and

5 for all students,

The MAT Results of Schools With a Predominantly 3laclk or Puerto Riean
Population

Zmonz the 20 schools which took part in the gvaluation, ~here wera
5 Cal and 2 non~CAI schools with a 90% ov wmore Black or Pusrto Ricen
population. Generally, these schcols muy be characterized as being
in the poorest sections of the borouzhs in which they are located, Lhera
; were significant differences in gains in -~rades 2 and T in these schools,
% Vhes grouped by sex the C4I girls showed a siznificantly hizher gain in
i
3 grades 2 and 3. None of the differences wer¢e significant Zox the boys.
Additional Anzlyses
; It seemed appropriate to determine vhat the sains vould be when the
é students in the non-C.I sroup were matched with the CAL gyoup according
‘ to pre-test computation scoves, This was done and a tolal of 333 natened

.
was unteritasen.
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All scores on the corputation pre-test werxe listed in arcending order
by sex ard ~rade in the data file. TFor each non-CAI conputation pre-test
rav score a match was: found by computer in the CAIL group., If an exact
match were not found, the prozram was set up to scleco a score witnin 1
point of the score to be matched., Uhere morc than one CaAl student earned
a score which could be matched with a non-CAIL student's score, the computer
selected one at randomn,

As previously, the CAI students scored hizher gains than the non-CAI
students., This was also true when the data were listed by sex. The differ-

. . 1

ences were significant in all groupinzs for gzrades 2, 3 and 5.

Data from Student Records Maintained by Computer

CAI offers the educator the unique opportunity to study the process

students go throuszh in solving an arithmetic problem. In the preseant
study an attempt was made to determine 1) how lon3 students take to solve i
a problem (latency), 2) how many errors they make aad 3) how often students

timed cut" by the compuier, i.e. how often they failed to xespond

within the time Iinit (ten seconds) tuilt inte the CAT program., Unfortunately

the prosram was not designed to elicit this important information easily and
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lowest in arithmetic abilitw., The selection of students, tnerefore, was
P b ] ’

The covariance analysis confirmed the significant differences in
grades 2, 3 and 5 for all the students in all the schools and grades
r students in scheols with a predominantly Black oi

an population,
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on the basis of the pre~test total scores, i.e. scores {rom the compu-
tation and concepts subtests combined. The results showed that at each
zrade'ﬂevel.and for . egich prullem anstexed, the low group required more
time than the high group, 2) the mean error rate of the lov sroup exnceeded
that of the uigh group, and 3) the mean number of time outs was also
higher for the low group. These data are based on a very small sample

of 66 students,

Sumnary and Conclusions on Test Data

A consistent pattern of gains was found for most CAI groups. That
is, the CAI students earned hizher zains in most grades, with signifi-
cant differences found in the following

1. Grades 2, 3, and 5 for all students in all schools,

2. Grades 2 and 3 for girls in all schools,

3. Gradec 2, 3, and 5 for boys in all schoocls,

4, Grades 2 and 3 for all students in schools with predominantly
Blach or Puerto Rican population,
des 2 and 3 for ~irls in schoois with a predo daantly Black

or Puerto Rican population.

1. The observers found no apprecia:le differences in instruction-l
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procedures in classes usin  Cal

2, Over a period of several months no si7nificant changes in teaching
style, instructional procedures, or pupil behavior were noted in
classes using CAIL.

3. 'hile the observers were present, teachers tended to teach review

(%3

lessons or lessons unrelated to the concepts for which th CAI prozraxm

e
]
o

would provide ¢ "11 and pract
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Mathematics lessons ranzed in lensth from 20 to 60 minutes; most were
apprryimately 30-35 minutes,

With few notable excepticne, there was little evidence of grouping
for mathematics instruction, or of other ways of providing for
individual differences.

The observers found no appreciable reduction in the amount of class
time spent in drill and practice in CAI classes., In fact, many oZf
the lessons observed, both CAI and non-CAL, could be classified as
"practice" lessons, Drill and practice made up a significant part
of each lesson; there was little reason to suspect that a computer
was being used for that purpose exclusively., The percent of the
lesson devoted tc drill and practice ranged from 207 to 100% in all
the classes, most teachers devoting about two-thirds of the lesson
to drill and practice.

A few of the teachers observed, devcted complete lessons preparing

children to practice a particular topic on the computer. Furthermore,
some teachers used a complete lesson for reteachinz a topic because

”

students had encountered unfamiliar symbols or abbreviations at the

St bl

b

terminal,

3. The instructional materials used in most classrooms included:

textbooks, workbooks, rexographed materials, overhead transparencies,

PRI ARTNGST AN T R TV ATRR T A

teacher demonstration models. In some classes, instructional materials

TR

were provided for each child, e.g,, fraction kits, clocks, cut-outs

for sets, Cuisenaire vods, etc,

LR S ¥ it B et et s

9. Several teachers substituted coemputer practice for homework assisnmeuts,

The Teacher and His Reaction to CA

AR A 1 T

1, dost teachoers observed fiad an adeguate underystandins of “he concepts
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being taught. The exceptions to this ranged from several teacher

who wWere scestionally competent in mathematics to those (not

ir. number, whose Lackyzround in mathematic al concepts was uncertain

11 - - 1 11
v Mimocern matin,

ot

or exceedingly sketchy, par ticularly 1

2. Teachers used either textbooks or curriculun bulletins te plan

their lessons. Few teachers indicated that they used the CATI

(el
nrec,

teachers' guide in preparing lessons to any §¥ eat de

3. Although tenchers had reservatloﬂq about the values of the CAIL

project, they felt that pupil enthusiasm and participation just jified
it and recommended its continuation., Teachers comments on CAI veried.

Some positive comments concerning CAL were:

a. it motivates good behavior;

b. provides supplemental jndividualized drill;

relieves teachers of some gsuilt feelings by providing children
wvith needed drill that the teacher hzs no time to zive;

d. develops pupils' speed in coraputation;

e. has potential for keeping trac ok af wvhere each pupil is.
U

Some negative conmments were:

AR PR

N

£ CAI and rezular curriculum was a major

~

. a. the lack of correlation o

stumbling block; there was a growing gap between the classroom

L'.,

il et S A

and CAI center activities;

Bt

n«ﬁ--.

b. there was a need for zreaier control by the teacher of the proj¥ex

as a teachinz supplement;

: 1T e sl AT ATC O

c. some difficulties, such as discipline problems and ciassroo

<

= children moving back and zo¥

1)

[

e disruptions, arose as a result ¢

to terminals or CAI center;

& 34
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d. there was too little opportunity for teachers to discuss needs
‘ndipndﬁﬁmmw with paraprofessionals, CAI coordinator, and

mathematics cuordinator.

Some teachers believed that their own class tests and practice

Y

sheets were supericr to and more relevant than what the children

practiced at the terminals.

I
-

3

1eiy Reacticn to CAT

Paraprofessionals

Almost all éeachers agreed that childrea enjoved working on the
computer, were enthusiastic about it, and were highly motivated

to do well. This was particularly true of children of average
ability.

In spite of some frustrations and difficulties encountered by some
children at the outset, most children have remained extremely
enthusiastic about the "machine."

Chiidren of averase and above average ability tended to enjoy the

b ]

privacy of working at the terminzl and even talked to the "machine.,"

-

Teachers indicated that CAI encouraged pupils to commit their '"number
facts' to memory so that they would be zble to respond in the time
allowed by the computer,

Some slower childcen tended to do a great deal cof guessing and appeared

to be playing games rather than practicing the skills needed to do {(heir

classvork,

1.

The paraprofessionals were an extremely enthusiastic, interested and

dedicated group. They took cheir role in this experimeut most seriously

and were anxious for the program to succeed and to continue, :

Cngagy 3L 5
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Paraprofessionals felt that teachers needed to be mere directly and
-actively involved in the CAL activities and achievements of pupils.

Many indicated a need for closer cooxdination of classwork and CAL

work., Pupils who were either far ahead or far behind a class presented

problems with which they were unable to cope,

3., The paraprofessionals considered the CAI center the most popular

roon in the school.
Summa
From the observations it appeared that CAI had little effect on
teaching style or instructional precedures, on grouping and individuzlization
of mathematies instruction in the classroom, on the amount of time devoted
to drill and practice, and on increasing the emphasis on concept development
: in the classroom presentations. There was little coordination between CAI

1 and the regular mathematics instruction -- with CAL assuming a subordinate

role. Thus, there were discrete classroom activities and discrete CAIL

1 -, e i - - 2 3m b e
n a classroos The prevailinz attituce

{in

activities either at a centar or

seemed to ba that as long as the pupils enjoyed it, that was suffizient.

| Bkl
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INTERVIEUS AID QUESTIONNAIRES

The reactions and attitudes of those connected with the CAI pregram

(teachers, students, school adminisirators, and parents) were obtained

either by interview or by questionnaire.

Administrators' Attitudes & Percepticns

Principals were asked a.nnmber‘of questions regarding pupils' work
at the terminals. They overwhelmingly felt that (1) students enjoyed
using the CAI terminals, (2) students enjoyed working problems at the

terminals, and (3) students benefitted from working at the terminals.

Teachers Estimate of Time

Teachers were asked to estimate their preparation time and time
spent in drill ané practice. The responses Indicated that CAI teachers
said they spent a greater emount of time on preparation than did non-CAI
teachers. As many as 8% of CAL teachers spent as much as 75% of their
time in drill and practice. Teachers in both groups agreed that their

drill & practice time would leave them enough time for teaching

concepts. 1In CAI schools, 128 teachers agreed and 12 felt that the time
was inadequate; and in non-CAI schools, 12 agreed, and one felt the time

inadequate.

Teachers Attitudes & Perceptions

Teachers were asked if they were satisfied with their students
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performsace, in viesr of the time they devote to mathematics. In CAI .
gchools 653 of the Ceachers indicated that they were saticfied, and
27% indicated that they were not satisfied. In non-CAI schools, 50%
indicated khat they were satisfied, and 459 indicated that they were

not.

Parent Attidudes & Perceptions

According to parents, fewer children in CAT schools show a strong
dislike for aritlmetic than do children in non-CAI schools. There is
greater communication between the children and their parents in CAI
schools than in non-CAI schools since only %.7¢% of the CAI parents .
indicated that they were unaware of their children's attitude toward

arithmetic whereas 16% of the non-CAI parents claimed they were unaware.

CONCLUSIORS AND RECO:EMDATIONS

Conclusions

On the basis of the study of the Hew York Civy CAI nroject for the
1968-1869 year of operation, the evaluaticn team has reached the

following major conclusions:

1. Very systemstically, in nearly all groups, the CAI studeats
maede greater gains in arathmetic achievement as measured by the
Metropoliten Achievement Tests (MAT) than the non-CAY students
vhom they were compared. In all cases in vhich The difsrences

were statistically significant, they favered ti1 CAI group.
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/\ﬂsvuerfng differences between CAT and non-CAT groups, each )
grade was considered separately, and the following principal
éomparisons showed significant differences in favor of the
CAI groups:

a. Matched pairs of students drawn from entire student population:
grades 2, 3 and 5.

b. All students in all schools: grades 2, 3, and 5.

¢. All students in schools with a predominantly Black or Puerto
Rican population (9C% or more): grades 2 and 3.

Though the gains earned by many CAT groups were rather impressive;

meny variables not controlled in the present study could very well

have contributed to the differences in tha earned‘gains. Among

these uncortrolled variables.are the following:

a. selection of teachers.

b. selection of schools.

c. number of hours of aritlmetic instruction.

d. instruction for CAI children by personnel other than their
teachers (viz. paraprofessionals) and

e. stress given to arithmetic by faculty and studenis in CAT
schools.

Observers were not able to detect differences in insitructional

yrocedures as between CAI and non-CAI classes.

Observers found no appreciable reduction in the amount of time

spent in drill and practice in CAI clasges. Drill and practice

usually mede up a significent part of each lesson in CAT as well

a8 non-CAI clas: ;.
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Little evidente tim teachers were using the CAJ Daily Status

Reports and Concept Block Progress Reporis for purposes of
individualizing methematics instruction, was encountered by the
observers. The observers found that grouping for arithmetic
instruction was infrequent in 'bothl the CAI and non-CAI groups.

7. The otzervers concluded that a number of teachers needed further
training in the subject matter of mathematics as well as in the
appropria.té use of CAI.

8. A large percentage of all catégories of respondents to interviews
or questionnaires had a favorable attitude toward CAI and felt

; that work at the terminals helped the children learn arithmetic

f_ better.

9. There was evidence, according %o interviews and questionaaires,

that CAI students tended to have a higher rate of communiczation
with their parents about school work and aritimetic than did
non-CAI students.

10. CAI teachers reported having to spend a somewhat greater amount
of time in lesson preparation.

1l. On the basis of very small samples, there was evidence found
that the CAI arithmetic program (software) may not differentiate
well enocugh for the high or low achievers. The softvare offered
proble . at five levels of difficulty based on an achievement
pretest taken at the terminals. If this has provided sufficiently

for individual differences one would assume that there would Dbe
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very little, 1f any, aifference tetween error rates and time-
outs for children at different ability levels. The findings
showed that the low achievers reguire more time to do each

problem and meke more errors then the high achievers.

Recommendations

1. It seems quite important that future eveluations of student

achievement in CAI take into account as many as possible the

variables not controlled in the present study (see item 3, above).
One area in particular, should be monitorad, if not controlled,
and that is the amount of instruction the children in both CAIL
and non-CAI schools receive in drill and practice.

2. A more specific evaluation should be made of the software and

its relevance for children at different levels of ability. It
may well be, for example, that low achievers need more time at 5 ;
the terminals vhile high achievers require less gcheduled time. |
It may even be the case that the present software is inappropriate
for one or both extreme groups. This recommendation was

supported by observers in their reports as well as by the data

from student records.
3, There should be more CAI mathematics coordinators who are familiar
with the software available to the CAI teachers for assistvance

regarding content as well as method.




